Abstract The sympathetic trunk is sometimes damaged during the anterior and anterolateral approach to the cervical spine, resulting in Horner's syndrome. No quantitative regional anatomy in fresh human cadavers describing the course and location of the cervical sympathetic trunk (CST) and its relation to the longus colli muscle (LCM) is available in the literature. The aims of this study are to clearly delineate the surgical anatomy and the anatomical variations of CST with respect to the structures around it and to develop a safer surgical method that will diminish the potential risk of CST injury. In this study, 30 cadavers from the Department of Forensic Medicine were dissected to observe the surgical anatomy of the CST. The cadavers used in this study were fresh cadavers chosen at 12-24 h postmortem. The levels of superior and intermediate ganglions of cervical sympathetic chain were determined. The distance of the sympathetic trunk from the medial border of LCM at C6, the diameter of the CST at C6 and the length and width of the superior and intermediate (middle) cervical ganglion were measured. Cervical sympathetic chain is located posteromedial to carotid sheath and just anterior to the longus muscles. It extends longitudinally from the longus capitis to the longus colli over the muscles and under the prevertebral fascia. The average distance between the CST and medial border of the LCM at C6 is 11.6 ± 1.6 mm. The average diameter of the CST at C6 is 3.3 ± 0.6 mm. Superior ganglion of CSC in all dissections was located at the level of C4 vertebra. The length and width of the superior cervical ganglion were 12.5 ± 1.5 and 5.3 ± 0.6 mm, respectively. The location of the intermediate (middle) ganglion of CST showed some variations. The length and width of the middle cervical ganglion were 10.5 ± 1.3 and 6.3 ± 0.6 mm, respectively. The CST's are at high risk when the LC muscle is cut transversely, or when dissection of the prevertebral fascia is performed. Awareness of the CST's regional anatomy may help the surgeon to identify and preserve it during anterior cervical surgeries.
Introduction
The anterior approach to the subaxial cervical spine is commonly used in the surgical treatment of several diseases, including cervical disc herniation, cervical spondylitic myelopathy, and disease of cervical vertebral bodies caused by tumour, infection, or trauma.
During the anterior approach to the cervical vertebral bodies, cervical sympathetic trunk (CST) is at potential risk of injury. Horner's syndrome (ptosis, ipsilateral miosis, anhydrosis) resulting from the anterior surgical approaches to the cervical spine or cervicothoracic junction has been documented [1, 9, 15, 16] . Incidence of Horner's syndrome after anterior cervical spine surgeries has varied between 0.2 [18] and 4% [7, 8] . Bertalanffy and Eggert [2] reported that Horner's syndrome was associated with anterior cervical discectomy in 1.1% of 450 consecutive cases, which was similar to the findings of others [3, 4] .
There are very few reports related to the anatomy of the CST in the anterior cervical spine approach. In the current E. Civelek (&) Á A. Karasu Á T. Cansever Á K. Hepgul Á T. Kiris Á A. Sabancı Á A. Canbolat Department of Neurosurgery, Istanbul University, Istanbul Faculty of Medicine, CAPA, Istanbul, Turkey e-mail: civsurgeon@yahoo.com study, 30 fresh cadavers were dissected and measured to define the topography and location of the CST during surgical exposure at the lower cervical vertebral levels. This study describes the number and size of the cervical ganglia and measure the distances of the sympathetic trunk from the longus colli muscle (LCM).
Methods
Thirty cadavers from people of age 20-80 years (mean age 41, 23 men and seven women) from the Department of Forensic Medicine were used for dissection to observe surgical anatomy of the CST. The cadavers used in this study were fresh cadavers chosen at 12-24 h postmortem. Exclusion criteria in chosen cadavers were neck trauma and previous cervical operation. All dissections were performed by a single neurosurgeon in a private autopsy training room. Digital camera (Nikon, 6.0 megapixel), and some tools (tripod and electric light) were placed to take high-quality photographs during dissections.
The cadavers were placed on the autopsy table in the supine position. Both shoulders of the cadavers were supported with 7-cm high pads. The heads of the cadavers were fixed in the position of slight extension and rotated to 30°left. This position was preferred to make the sternocleidomastoid (SCM) muscle more prominent.
The incision was made on the right side of all cadavers and extended to manubrium to expose C6 and C7 vertebra and to the posterior of mastoid process to expose C3 and C4 vertebras. After exploring platysma muscle, it was opened along the incision. Along the anterior border of the SCM muscle, superficial lamina of cervical fascia was opened. When SCM muscle was moved laterally, internal jugular vein (IJV) and omohyoid muscle whose inferior belly crosses SCM muscle obliquely were exposed. The dissection field was widened with blunt dissection in between SCM muscle and IJV.
After IJV and other neurovascular structures were moved medially, a wide dissection field covered by adipose tissue was reached. Beneath the adipose tissue, prevertebral fascia and fascia of longus muscles were explored. Over the fascia of longus muscles, CST, and its superior and intermediate ganglions were exposed (Figs. 1, 2). White and gray rami communicantes which are the medial and lateral attachments of the CST were seen (Figs. 2, 3 ).
In this stage of the dissection transverse processes of the vertebra were palpated and cervical vertebra and disc levels from C2 to C7 were exposed. The most prominent anterior tubercle was accepted as C6 (Fig. 4) . The vertebrae and disc levels were also checked from the superior part by counting disc levels.
The levels of superior and intermediate ganglions of CST were determined and the distances of the sympathetic trunk from the medial border of LCM at C6 level were recorded for each of the cadavers. Additionally, the diameter of the CST at C6 and the length and width of the superior and intermediate (middle) cervical ganglion were determined (Fig. 5) .
The surgical tools for a routine cervical spinal procedure were used in all of the dissections. All measurements were obtained using a manual caliper accurate to 0.1 mm (Mitutoyo Corporation, Tokyo, Japan). A single person performed each measurement and dissection. In order to minimize the errors inherent in a morphometric study of this nature, all measurements were taken three times and an average of the three observations was used for statistical evaluation. The statistical significance of the differences between men and women was calculated using the Student's t test.
Results
Cervical sympathetic chain is located posteromedial to carotid sheath and runs over the longus muscles (Fig. 1, 2) . It extends longitudinally from longus capitis to longus colli over the muscles and under the prevertebral fascia. From superior to inferior, LCM diverge laterally, whereas the CST converges medially at C6. The average distance between the CST and medial border of the LCM at C6 is 11.6 ± 1.6 mm. The average diameter of the CST at C6 is 3.3 ± 0.6 mm. In all dissections, CST was found over the anterior surface of the longus muscles. Superior ganglion of CST in all dissections was located at the level of C4 vertebra. The length and width of the superior cervical ganglion were 12.5 ± 1.5 and 5.3 ± 0.6 mm, respectively. The location of the intermediate (middle) ganglion of CST was showing some variations (Table 1) . It was located in ten cadavers (33%) at the level of C6 vertebra, in eight cadavers (26%) at the level of C5, in four cadavers (13%) at the level of C7 vertebra, and in the remaining eight cadavers (26%) it was not seen. The length and width of the middle cervical ganglion were 10.5 ± 1.3 and 6.3 ± 0.6 mm, respectively. In the cadavers whose intermediate ganglions of CST were not seen, it was probably located in the lower segments of vertebral column. There were no statistical differences between men and women for any of the parameters (p [ 0.05). 
Discussion
The anterolateral approach offers a direct route to the transverse foramen with less retraction of the carotid sheath neurovascular bundle. However, extensive anterolateral cervical dissection or severance of the LC muscle to expose the transverse foramens or uncovertebral joint seems to be associated with occurrence of Horner's syndrome. Therefore, the CST is more at risk using this approach. The current anatomic dissection demonstrates that the CSTs are situated at 11.6 ± 1.6 mm lateral to the medial border of the LCM. Therefore, to avoid injury, exposure of the CSTs is important during the approach to the lower cervical spine. To avoid inadvertent damage to the ST, attention should be paid when transverse severance of the LCM or extensive dissection over or below the LCM is performed. To protect the ST, a blunt tip of the retractor should be placed securely beneath rather than on the surface of the LCM. Hence, compression of CST by the retractor is the other reason for CST injury. In the anterolateral approach, although the CST located over longus colli and longus capitis muscles might be injured, this may be prevented using the remaining two-third of LCM for retraction and to pull the sympathetic trunk medially [12] . At this stage of operation, one or two gray rami communicantes, which are the lateral branches of CST to the nerve roots, can be sacrificed. The medial ones (white rami communicantes), which are laringopharyngeal, cardiac, and thyroidal branches, should be protected (Figs. 2, 3 ). George reported that the only morbidity directly related to this technique was Horner's syndrome, which cannot be avoided, in the immediate postoperative period [6] . However, controlling and displacing it medially have preserved the main sympathetic trunk. Horner's syndrome resolves in 2-3 months. Whatever the importance of the Horner's syndrome, it has no functional consequences but only creates slight cosmetic problems. The probability of occurrence of the Horner's syndrome was reported as 20% and it changes depending on the surgeon's experience [6] .
The CST is 3.3 ± 0.6 mm in diameter at the level of C6 vertebra where the transverse process is an important surgical landmark. The diameter at this site was reported to be 3-4 mm by Lyons and Mills [12] , 2.7 ± 0.6 mm by Ebraheim et al. [5] , and 2.2 ± 0.7 mm by Kıray et al. [11] .
The CST passes over the LCM [20] . The CST can pass within the posterior wall of the carotid sheath. A CST in this location was reported by Lyons and Mills [13] in 16.7% of their specimens. In this study, there was no such variation. Such a variation may cause a stretching injury of the CST during lateral retraction of the carotid artery, even during the anterior approach to the cervical spine.
The SG is the most consistent and largest ganglion of the CST. The length and width of the superior cervical ganglion were 12.5 ± 1.5 and 5.3 ± 0.6 mm, respectively. Tubbs [19] reported that the superior cervical ganglion rests posterior to the internal carotid artery and lies anterior to the second and third cervical vertebrae. This level is approximated by the hyoid bone. In this study, superior ganglion of CST was located at the level of C4 vertebrae in all dissections. In all other studies, location of the ganglion varies between C2 and C3 levels [5, 14, 19] . In our opinion, this difference is because fresh cadavers were dissected. This ganglion is not commonly at risk of injury during routine cervical spine procedures.
The intermediate cervical ganglion (MG) lies at the C6 vertebral level approximated by the cricoid cartilage or carotid tubercle. In all dissections, CST was found over the anterior faces of the longus muscles. The location of the intermediate ganglion of CST showed some variations ( Table 1 ). The MG was observed in 74% of our cases. It was observed in 39.3% cases by Ebraheim et al. [5] and in 53.2% by Katritsis et al. [10] . If present, it was located in ten cadavers (33%) at the level of C6 vertebrae, in eight cadavers (26%) at the level of C5, in four cadavers (13%) at the level of C7 vertebrae. In the series of Ebraheim et al. [5] , it measured 9.7 ± 2.1 mm in length and 5.2 ± 1.3 mm in width. In this study, the length and width of the middle cervical ganglion were 10.5 ± 1.3 and 6.3 ± 0.6 mm, respectively. The inferior thyroid artery may cross the MG anteriorly or posteriorly. The close approximation of the MG and the medial border of LCM should be taken into account during dissection or retraction of LCM in anterior lower cervical spine surgery.
Conclusion
The CSTs are at high risk when the LCM is cut transversely, or when dissection of the prevertebral fascia is performed. Awareness of the CST's regional anatomy may help the surgeon to identify and preserve it during anterior cervical surgeries. All studies of this subject in the literature were conducted upon formalin-fixed cadavers or cervical spines that were processed with chemicals [17] . Formalin-fixed techniques render the soft tissue structures, such as ligament, muscle, and adipose tissue [14] . Therefore, identification of the structures is more difficult. Our measurements are different from the studies in the literature that used formalin-fixed cadavers. In contrast to related studies, this study was conducted on fresh cadavers; therefore, we believe that the data given here were more accurate and helpful to the surgical approach.
